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Abstract
The methods of effective field theory are used to explore the theoretical and phenomenological
aspects of the torsion field. Spinor action coupled to electromagnetic field and torsion possesses
an additional softly broken gauge symmetry. This symmetry enables one to derive the unique
form of the torsion action compatible with unitarity and renormalizability. It turns out that
the antisymmetric torsion field is equivalent to an massive axial vector field. The introduction
of scalars leads to serious problems which are revealed after the calculation of the leading two-
loop divergences. Thus the phenomenological aspects of torsion may be studied only for the
fermion-torsion systems. In this part of the paper we obtain an upper bounds for the torsion
parameters using present experimental data on forward-backward Z-pole asymmetries, data on
the experimental limits on four-fermion contact interaction (LEP, HERA, SLAC, SLD, CCFR)
and also TEVATRON limits on the cross section of new gauge boson, which could be produced
as a resonance at high energy pp¯ collisions. The present experimental data enable one to put
the limits on torsion parameters for the various range of the torsion mass. We emphasize that
for the torsion mass of the order of the Planck mass no any independent theory for torsion is
possible, and one must directly use string theory.
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Introduction
Despite the impressive success of the Standard Model (SM) there are many reasons to suspect
that it doesn’t cover nor all of the existing fields neither all the interactions. The main reason is
that the SM unifies strong, weak and electromagnetic interactions while the quantization of gravity
remains beyond its scope. It is commonly accepted that the consistent quantum gravity does not
exist and that, instead of quantizing gravity itself one has to start with the fundamental theory
of different nature which should produce gravity as a low-energy effective theory. The theory of
string is a nice example of such a theory: it is consistent as a quantum theory and it induces
the gravitational interaction in the low-energy limit (see, for example, [1]). However, along with
a metric, the string theory also predicts other constituents of gravity: in particular those are: a
scalar field – dilaton and antisymmetric tensor field of the third rank which is usually associated
with torsion. The studies of gravity with torsion have a long history (see, for example, [3]) but now
the investigation of the possible effects and manifestations of torsion becomes more actual since
this can be a possible way to understand the low-energy effects of string physics.
The main theoretical advantage of gravity with torsion is that it links the spin of the matter
fields with the space-time geometry. This feature was in a heart of the most of the works about the
possible effects of torsion. The classical and quantum theory of fields and particles in an external
gravitational field with torsion has been studied in a papers [2, 4, 5, 3, 6, 7, 9, 10, 11, 12, 13, 14, 15]
(the reader is referred to these publications and to the review [8] for further references and also to
the book [16] for the introduction to quantum field theory in an external gravitational field with
torsion). The quantum field theory in an external torsion field predicts many physical effects which
we are not going to review here. It is important for us that the renormalizability of quantum theory
in an external torsion field requires the nonminimal interaction of an external torsion with a spin-12
field and also with a scalar field which doesn’t interact with torsion in a minimal way [9]. Thus
the interaction of torsion with the spinor field is characterized by the special coupling constant
similar to the electron charge. Until now we do not have any positive data about the value of this
parameter or about the order of magnitude that the external torsion may have. Moreover without
the full theory including the dynamical equations for the torsion itself one can not understand
how the external torsion field can be generated in the laboratory. In this situation one promising
possibility is to look for an external torsion field which can exist in our part of the Universe. Despite
the existing upper bounds for such a field are quite rigid [14] it can be taken responsible [13] for
the recently observed anisotropy of the polarization of light coming from some cosmic objects [17].
Independent on the development of the classical and quantum field theory in an external torsion
field it is important to establish the form of the action for the torsion itself and to study the
possible experimental effects of dynamical torsion. There are, indeed, several known possibilities
to approach this problem. In the famous work of Kibble [18] the action of gravity with torsion
has been derived as an action of the compensating fields for the general coordinate transformation.
Unfortunately this action doesn’t lead to consistent quantum theory since the last is nor unitary
neither renormalizable, despite it contains higher derivatives. In the papers [19, 20] many versions
of the action of gravity with torsion had been constructed using the condition of unitarity. All
those actions are of the second order in curvature and are similar to the Lovelace action which
includes the Gauss-Bonnet topological term3. Unfortunately those actions are very constrained
and the corresponding theory has the renormalizability properties even worst than the action of
Kibble.
The problem of renormalizability is casted in another form if we consider it in the content of
effective field theory [22, 23]. In the framework of this approach one has to start with the action
3Later on similar actions have been used by Zweibach et al [21] for constructing string effective actions which do
not have problems with unitarity. In the last of the papers [21] the string effective actions with torsion were also
discussed.
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which includes all possible terms satisfying the symmetries of the theory. Usually such an action
contains higher derivatives at least in a vertices. However as far as one is interested in the lower
energy effects, those high derivative vertices are suppressed by the huge massive parameter which
should be introduced for this purpose. Then those vertices and their renormalization is not visible
and effectively at low energies one meets renormalizable and unitary theory. The gauge invariance
of all the divergences is guaranteed by the corresponding theorems [24] and thus this scheme may
be applied to the gauge theories including even gravity [25]. Within this approach it is important
that the lower-derivative counterterms have the same form as a terms included into the action. This
condition, together with the symmetries and the requirement of unitarity, may help to construct
the effective field theories for the new interactions which are not yet observed, but anticipated from
the development of the fundamental theories like string.
If one starts to formulate the dynamical theory for torsion in this framework, the sequence of
steps is quite definite. First one has to establish the field content of the dynamical torsion theory
and the form of interactions between torsion and other fields. Then it is necessary to take into
account the symmetries of this interactions and formulate the action in such a way that the resulting
theory is unitary and renormalizable as an effective field theory. Indeed there is no guarantee that
all these requirements are consistent with each other, but the inconsistency may only indicate that
some symmetries are lost or that the consistent theory with the given particle content is impossible.
In this paper 4 we follow the above scheme and construct the action of torsion coupled to
spinor fields which satisfies all the conditions required for the effective quantum theory. Contrary
to the other authors [27] we take antisymmetric torsion field to be parametrized by the massive
vector field rather than the scalar field because the theory of scalar torsion fails to pass the test
of invariant renormalizability. Then we incorporate the Higgs scalar and discuss the violation of
consistency which occurs due to the higher loop contributions. After discussion of this problem
and its possible solutions we present a phenomenological consideration of the possible effects of
the dynamical torsion coupled to the fermions of the SM and derive upper bounds for the torsion
parameters from:
1) precisely measured forward-backward Z pole asymmetries at LEP;
2) modern limits on the contact interactions coming from various low and high energy experiments;
3) TEVATRON data on search of the new vector bosons in di-jet channel.
The paper is organized in the following way. In section 2 a brief review of the background
notions for the gravity with torsion is given and the form of interaction between torsion and
other fields is found. In section 3 the new specific gauge symmetry of the massless part of the
spinor action coupled to torsion is outlined. Using this symmetry as a guide we consider the
renormalization of the spinor-torsion system and discuss the effective field theory approach to the
torsion phenomenology. It will be shown that the new gauge symmetry requires the torsion field
to be (equivalent to) massive pseudovector. The explicit calculation of the one-loop divergences
confirms this result. Section 4 is devoted to introducing the scalar field and to related difficulties. In
section 5 the renormalization group equations for the torsion parameters are explored. We consider
the running of the torsion-spinor couplings and the torsion mass and present some arguments that
if the values of various spinor-torsion couplings are equal at the Planck scale, then those values
are not very different at the lower energies as well. Bearing this in mind we simply put these
parameter to be equal for all quarks and leptons and pass to the phenomenological part of the
paper. In section 6 we discuss the possible physical observables from which an upper bounds on
the torsion mass and fermion-torsion coupling can be derived. In section 7 we analyze the limits on
torsion parameters coming from the LEP Z-pole forward-backward lepton and quark asymmetries.
Section 8 contains the discussion of a “heavy” torsion for which the torsion phenomenology can be
successfully described by the axial-axial contact interactions. Section 9 contains the limits on the
torsion parameters from TEVATRON using bounds on the cross section for di-jet events with high
4An early report including part of our studies has been published in [26].
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invariant mass. In the final section 10 we present our conclusions.
2. Background notions of the gravity with torsion
Let us review the background notions for the gravity with torsion and quantum theory of matter
fields in the external torsion field. All the notations correspond to [16] where one can also find a
more pedagogical introduction into the subject.
Consider the space - time with independent metric and torsion. The affine connection Γ˜αβγ is
nonsymmetric, and the torsion tensor Tαβγ is defined as
Γ˜αβγ − Γ˜αγβ = Tαβγ (1)
The covariant derivative ∇˜µ is based on the nonsymmetric connection Γ˜αβγ . From the metricity
condition ∇˜µgαβ = 0 the solution for the connection can be easily found in the form
Γ˜αβγ = Γ
α
βγ +K
α
βγ (2)
where Γαβγ is usual symmetric Christoffel symbol and K
α
βγ =
1
2 (T
α
βγ − T αβ γ − T αγ β ) is the
contorsion tensor. It proves useful to divide the torsion field into three irreducible components:
i) The vector (trace) Tβ = T
α
βα;
ii) The axial vector (pseudotrace) Sν = εαβµν Tαβµ
iii) The tensor qαβγ , where q
α
βα = 0 and ε
αβµνqαβµ = 0.
In general case the torsion field can be presented in the form
Tαβµ =
1
3
(Tβ gαµ − Tµ gαβ )− 1
6
εαβµν S
ν + qαβµ (3)
One can consider the Dirac spinor ψ in an external gravitational field with torsion using both
minimal and nonminimal schemes. The conventional minimal way of introducing the interaction
with external fields is to substitute the partial derivatives ∂µ of spinors by the covariant ∇˜µ ones.
The covariant derivatives of the spinor field ψ are defined as
∇˜µψ = ∂µψ + i
2
w˜ abµ σab ψ , ∇˜µψ¯ = ∂µψ¯ −
i
2
w˜ abµ ψ¯ σab (4)
where w˜ abµ are the components of the spinor connection, σab =
i
2(γaγb−γbγa) , and we are using the
standard representation for the Dirac matrices. The γ-matrices in curved space-time are defined
as γµ = eµaγ
a where eµa are the components of the verbein. Indeed ∇˜µγβ = 0 . It is easy to find the
explicit expression for spinor connection which agrees with (2).
w˜ abµ =
1
4
( ebν ∂µe
νa − eaν ∂µeνb ) + Γ˜ανµ (eνaebα − eνbeaα) (5)
Substituting the covariant derivatives (4), (5) into the Hermitian action of the Dirac field
S =
i
2
∫
d4x
√−g
{
ψ¯γµ∇˜µψ − ∇˜µψ¯ γµψ + 2im ψ¯ψ
}
(6)
after some algebra we arrive at the following “minimal” action
S =
∫
d4x
√−g
{
iψ¯ γµ (∂µ +
i
8
γ5 Sµ )ψ + mψ¯ψ
}
(7)
Below we will be interested only in the torsion effects and therefore it is reasonable to restrict
ourselves by the special case of the flat metric. So we put gµν = ηµν but keep T
α
βγ arbitrary. One
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can see that minimally the spinor field interacts only with the pseudovector Sµ part of the torsion
tensor. The nonminimal interaction may be a bit more complicated. Using the considerations
based on dimensional reasons one can introduce generic nonminimal coupling of the form
S =
∫
d4x
{
iψ¯γµ (∂µ + iηγ5Sµ − iηˆTµ)ψ + mψ¯ψ
}
(8)
Despite the general nonminimal action (8) contains two dimensionless nonminimal parameters
η, ηˆ we shall use only one of them and put ηˆ = 0 . There are several reasons to do so. As we
have already seen the minimal interaction includes only η term. In the quantum theory of matter
fields on an external torsion background one meets, therefore, η as an essential parameter of the
interaction while ηˆ = 0 is not essential. In other words, if the ηˆ = 0 -term is not included into the
classical action, the theory doesn’t lose renormalizability while fixing η = 18 such that interaction
is minimal leads to some difficulties [9, 16]. On the other hand, the η-term looks very similar to
the electromagnetic interactions. If we introduce the interaction with the electromagnetic field
then the η-term can be revoked by simple redefinition of the variables and constants. And, as
a last reason we can remind that in the string-induced action, which depends on the completely
antisymmetric torsion, only the pseudovector part Sµ is present, and thus one can always set
Tαβµ = −16 ǫαβµν Sν . Below we always use the pseudovector Sµ to parametrize the completely
antisymmetric torsion tensor.
With the scalar field ϕ torsion may interact only nonminimally, because ∇˜ϕ = ∂ϕ . The action
of free scalar field including the nonminimal interaction with antisymmetric torsion has the form
Ssc =
∫
d4x
{
1
2
gµν ∂µϕ∂νϕ+
1
2
m2 ϕ2 +
1
2
ξ SµS
µ ϕ2
}
(9)
where ξ is a new nonminimal parameter. If the quantum theory contains scalar and spinor fields
linked by the Yukawa interaction hϕψ¯ψ , then the nonminimal parameter ξ is necessary for the
renormalizability. For the quantum field theory in the external torsion field the renormalization of
the parameters η, ξ possesses some universality. In particular, the β-function for the nonminimal
parameter η always has the form
βη =
C
(4π)2
h2 η , (10)
where the value of the parameter C depends on the model but it is always positive [10]. In section
5 we shall see how the renormalization group equation for η modifies in case of the propagating
torsion field.
We accept that the gauge vector field do not interact with torsion at all, because such an
interaction, generally, contradicts to the gauge invariance. This can be easily seen from the relation
∇˜µAν − ∇˜νAµ = ∂µAν − ∂νAµ +Kλµν Aλ. (11)
The nonminimal interaction with abelian vector field may be indeed implemented in the form of
the surface term
Sn−m,vec = i α
∫
d4x ǫαβγσ Fαβ Sγσ. (12)
Other nonminimal terms [16] are also possible for the general torsion but they are relevant only for
the nonzero Tµ and qαβγ of the torsion tensor [10] and thus we are not interested in them here.
3. Effective approach in the spinor-torsion systems
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Our aim it to formulate the effective quantum theory of torsion such that it would be compatible
with the requirements of renormalizability and unitarity. Let us first consider this problem for the
system without scalar fields. As it was already noticed the renormalizability of the gauge model in
an external torsion field requires the nonminimal interaction of the spinor fields with torsion [9]. It
will prove reasonable to introduce such an interaction in the theory with the propagating torsion
too. Thus we start from the action of the Dirac spinor nonminimally coupled to the electromagnetic
and torsion fields
S1/2 = i
∫
d4x ψ¯ [ γα (∂α − ieAα + i η γ5 Sα )− im ] ψ (13)
and first establish its symmetries. The new interaction with torsion doesn’t spoil the invariance of
the above action under usual gauge transformation:
ψ′ = ψ eα(x), ψ¯′ = ψ¯ e−α(x), A′µ = Aµ − e−1 ∂µα(x) (14)
It turns out, however, that there is one more symmetry. The massless part of the action (13) is
invariant under the transformation in which the pseudotrace of torsion plays the role of the gauge
field
ψ′ = ψ eγ5β(x), ψ¯′ = ψ¯ eγ5β(x), S′µ = Sµ − η−1 ∂µβ(x) (15)
Thus in the massless sector of the theory one faces generalized gauge symmetry depending on scalar
α(x) and pseudoscalar β(x) parameters of transformation. It is very important that the massive
term is not invariant under the transformation (15), and hence this symmetry is softly broken at
classical level. The new symmetry (15) requires Sµ to be massive field and fixes the action of torsion
with accuracy to the values of the nonminimal parameter η, mass of the torsion Mts and possible
higher derivative terms. The mass of the torsion is necessary because the softly broken symmetry
(15) doesn’t forbid the appearance of the massive counterterms (contrary to the situation for the
abelian gauge field). We shall give some more arguments in favor of massive torsion in section 5
after discussion of the renormalization group equations. One more inconsistency related with the
massless torsion comes from the calculation of the anomalous magnetic moment of the electron,
which has been performed recently [28]. Contrary to the abelian vector field, massless axial field
leads to the IR divergency.
In the framework of effective field theory the contributions from the loops of a very massive
fields are suppressed by the factors of µ2/M2 where M is the mass of the field and µ the typical
energy of the process [30]. If we take the torsion mass Mts to be of the Planck order then both
classical and quantum effects of torsion will be negligible at the energies available at the modern
experimental facilities. The hypothesis of torsion propagating at energies lower than the Planck
one supposes that Mts is essentially smaller than the Planck mass. Then we have two options: take
torsion to be massless or consider the mass of torsion as a free parameter which should be defined
on an experimental basis. As far as torsion is taken as a dynamical field, one has to incorporate it
into the SM along with other vector fields. Let us discuss the form of the torsion action, which leads
to the consistent quantum theory. The higher derivative terms are supposed to be included into
the action, but they are not seen at low energies and thus have no importance. Thus we restrict
the torsion action by the second derivative and zero-derivative terms. The general action including
these terms has the following form:
Stor =
∫
d4
{
−aSµνSµν + b (∂µSµ)2 +M2ts SµSµ
}
(16)
where Sµν = ∂µSν − ∂µSν and a, b are some positive parameters. The action (16) contains both
transversal vector mode and the longitudinal mode which is in fact equivalent to the scalar5 (see,
5This kind of torsion equivalent to the pseudoscalar field was introduced in [29] in order to maintain the gauge
invariance of abelian vector field in the Riemann-Cartan spacetime.
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for example, discussion in [27]) In particular, in the a = 0 case only the scalar mode, and for b = 0
only the vector mode propagate. It is well known [31] (see also [27] for the discussion of the theory
(16)) that in the unitary theory of the vector field both longitudinal and transversal modes can not
propagate, and therefore, in order to have consistent theory of torsion one has to choose one of the
parameters a, b to be zero.
In fact the only correct choice is b = 0. To see this one has to reveal that the symmetry
(15), which is spoiled by the massive terms only, is always preserved in the renormalization of the
dimensionless couplings constants of the theory. In other words, the divergences and corresponding
local counterterms, which produce the dimensionless renormalization constants, do not depend on
the dimensional parameters such as the masses of the fields. This structure of renormalization is
essentially the same as for the Yang-Mills theories with spontaneous symmetry breaking [32, 33].
The symmetry (15) holds for the massless part of the action (13) and therefore on the dimensional
grounds one has to expect that the gauge invariant counterterm
∫
S2µν appears if we take the loop
corrections into account.
We want emphasize that in the framework of effective field theory the level of approximation
for taking into account the massive fields is qualitatively the same for the tree level and for the
lower loop effects. Since the propagating torsion is considered and the kinetic term in (16) is taken
into account, one has to formulate the theory as renormalizable. Neglecting the high energy effects
while the low energy amplitudes are considered may mean that we disregard some higher derivative
terms. However the violation of the renormalizability in that sectors of the theory which are taken
into account is impossible. For instance, if we start from the purely scalar longitudinal torsion (as
the authors of [27] did) then the transversal term
∫
S2µν will arise with the divergent coefficient
and this will indeed violate both the finiteness of the effective action and the unitarity of the S-
matrix. All this is true even in the case that only the tree-level effects are evaluated, if only such
consideration is regarded as an approximation to any reasonable quantum theory.
Thus the kinetic term of the torsion action is given by the Eq. (16) with b = 0. As concerns the
massive term it is not forbidden by the symmetry (15), because the last is softly broken. Therefore
apriory there are no reasons to suppose that Mts = 0. Indeed it is interesting to see whether the
kinetic counterterm with b = 0 and the massive counterterm really appear if we take into account
the fermion loops. To investigate this let us calculate the one-loop divergences in the theory (13)
6. The divergent part of the one-loop effective action is given by the expression
Γdiv[A,S] = −Tr ln Hˆ | div ; Hˆ = iγα (∂α − ieAα + iηγ5 Sα )− im (17)
In order to calculate this functional determinant one has to perform the transformation
Tr ln Hˆ = Tr ln Hˆ · (iγν∂ν)− Tr ln (iγν∂ν) = Tr ln
(
−1ˆ✷− 2hˆν∂ν
)
− Tr ln (iγν∂ν) (18)
with
hˆν =
i
2
(− eAµ γµγν − η Sµ γµγ5γν +mγν )
The second term in the right-hand side of Eq. (18) is a constant which doesn’t depend on Sµ or
Aµ, while the first term can be easily evaluated using the standard Schwinger-deWitt technique
(one can see [16] for the introduction and references). After some algebra we arrive at the following
counterterm:
∆S[Aµ, Sα] =
µn−4
ε
∫
dµx
{
2e2
3
FµνF
µν +
2η2
3
SµνS
µν − ieη
3
ǫαβµνSµνFαβ + 8m
2η2SµSµ
}
(19)
where ε = (4π)2 (n−4) is the parameter of the dimensional regularization. Here we disregarded all
surface terms except the ǫαβµν SµνFαβ one, because it can, in principle, lead to quantum anomaly. It
6Similar calculation for the massless theory in curved space-time has been performed in [34].
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would be interesting to explore this possibility but since the phenomenological consideration below
is mainly restricted by the tree-level effects this term is beyond the scope of our present interest.
The form of the counterterms (19) is in perfect agreement with the above analysis based on the
symmetry transformation (15). Namely, the one-loop divergences contain S2µν and the massive term
while the (∂νS
ν)2 term is absent.
Thus the correct form of the torsion action which can be coupled to the spinor field (13) and
lead to the unitary and renormalizable theory is
Stor =
∫
d4
{
−1
4
SµνS
µν +M2ts SµS
µ
}
. (20)
In the last expression we put the conventional coefficient −1/4 in front of the kinetic term. With
respect to the renormalization this means that we (in a direct analogy with QED) can remove
the kinetic counterterm by the renormalization of the field Sµ and then renormalize the parameter
η in the action (13) such that the combination ηSµ is the same for the bare and renormalized
quantities. Instead one can include 1/η2 into the kinetic term of (20), that should lead to the direct
renormalization of this parameter while the interaction of torsion with spinor has minimal form (7)
and Sµ is not renormalized. Therefore in the case of propagating torsion the difference between
minimal and nonminimal types of interactions is only the question of notations on both classical
and quantum levels.
4. Introducing scalar field
Despite the Higgs scalar is not detected experimentally, it is considered as an important con-
stituent of the SM. The introduction of the scalar field is necessary for the spontaneous symmetry
breaking and for the Higgs mechanism which makes the gauge bosons massive and enables one to
avoid the infrared divergences in gauge theories. As far as we are going to incorporate torsion into
the SM it is important to extend our consideration introducing scalar field and Yukawa interactions.
Doing this we shall follow the same line as in the previous section and try first to construct the
renormalizable theory. Hence the first thing to do is to analyze the structure of the possible diver-
gences. The divergent diagrams in the theory with a dynamical torsion include, in particular, all
such diagrams with external lines of torsion and internal lines of other fields. Those grafs are indeed
the same one meets in the quantum field theory on an external torsion background. Therefore one
has to include into the action all the terms which were necessary for the renormalizability when
torsion was purely external field. All such terms are well-known from [9, 10]. Besides the nonmin-
imal interaction with spinors one has to introduce the nonminimal interaction between scalar field
and torsion as in (9) and also the terms which played the role of the action of vacuum (see chapter
4 of [16] where the one-loop counterterms for scalar field are also presented) in the form
Stor =
∫
d4
{
−1
4
SµνS
µν +M2ts SµS
µ − 1
24
ζ (SµS
µ)2
}
+ surface terms . (21)
Here ζ is new arbitrary parameter, and coefficient 124 stands for the sake of convenience only. And
so, if one introduces torsion into the whole SM including the scalar field, the total action includes
the following new terms: action of torsion (21) with the self-interacting term, and a nonminimal
interactions between torsion and spinors (13) and scalars (9). It is easy to see that such a theory
suffers from a serious difficulty.
The root of the problem is that the Yukawa interaction term hϕψ¯ψ is not invariant under the
transformation (15). Unlike the spinor mass the Yukawa constant h is massless, and therefore this
noninvariance may affect the renormalization in the massless sector of the theory. In particular,
the noninvariance of the Yukawa interaction causes the necessity of the nonminimal scalar-torsion
interaction in (9) which, in turn, requires an introduction of the self-interaction term in (21). Those
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terms do not pose any problem at the one-loop order but already in the second loop one meets two
dangerous diagrams presented in Fig. 1

Figure 1: The wavy line is torsion propagator and dashed line – scalar propagator
Those diagrams are divergent and they can lead to the appearance of the (∂µS
µ)2 -type coun-
terterm. No any symmetry is seen which forbids these divergences. Let us consider two diagrams
presented on Fig.1 in more details. Using the actions of the scalar field coupled to torsion (9) and
the torsion self-interaction (21), we arrive at the following Feynman rules:
i) Scalar propagator: G(k) = ik2+M2 where M
2 = 2M2ts,
ii) Torsion propagator: D νµ (k) =
i
k2+M2
(
δ νµ +
kµkν
M2
)
,
iii) Torsion2–scalar2 vertex: V µν(k, p, q, r) = − 2iξ ηµν ,
iv) Vertex of torsion self-interaction: V µναβ(k, p, q, r) = iζ3 g
µναβ
(2)
where gµναβ(2) = g
µνgαβ + gµβgαν + gµαgνβ and k, p, q, r denote the outgoing momenta.
The only one thing that we would like to check is the violation of the transversality in the
kinetic 2-loop counterterms. We shall present the calculation in some details because it is quite
instructive. To analize the loop integrals we have used dimensional regularization and in particular
the formulas from [35]. It turns out that it is sufficient to trace the 1ε2 -pole, because even this
leading divergency requires the longitudinal counterterm. The contribution to the mass-operator
of torsion from the second diagram from Fig.1 is given by the following integral
Π
(2)
αβ(q) = − 2 ξ2
∫
dDk
(2π)4
dDp
(2π)4
ηαβ + M
−2 (k − q)α (k − q)β
(p2 +M2)[(k − q)2 +M2][(p+ k)2 +M2] (22)
To perform the integration one can expand one of the factors in the above integral in the following
way:
1
(k − q)2 +M2 =
1
k2 +M2
[
1 +
−2k · q + q2
k2 +M2
]
−1
=
1
k2 +M2
∞∑
n=1
(−1)n
(
−2k · q + q2
k2 +M2
)n
(23)
and substitute this expansion into (22). It is easy to see that the divergences hold in this expansion
till the order n = 8. On the other hand, each order brings some powers of the external momenta qµ.
Therefore the divergences of the above integral may be cancelled by adding the counterterms which
include high derivatives. To achieve the renormalizability one has to include these high derivative
terms into the action (21). However, since we are aiming to construct the effective (low-energy) field
theory of torsion, the effects of the higher derivative terms are not seen and their renormalization is
not interesting for us. All we need are the second derivative counterterms. Hence, for our purposes
the expansion (23) can be cut at n = 2 rather that at n = 8 and moreover only O(q2) terms
should be kept. Then, using also usual symmetry considerations, one arrives at the known (see, for
example, [35]) intergal
Π
(2)
αβ(q) = −6ξ2 q2 ηαβ
∫
dDk
(2π)4
dDp
(2π)4
1
p2 +M2
1
(k2 +M2)2
1
(p+ k)2 +M2
+ ... =
9
= − 12 ξ
2
(4π)4 (D − 4)2 q
2 ηαβ + (lower poles) + (higher derivative terms). (24)
Another integral looks a bit more complicated, but its derivation performs in a similar way. The
contribution to the mass-operator of torsion from the first diagram from Fig.1 is given by the
integral
Π
(1)
αλ(q) = −
ζ2
108
g(2)αρσβ g(2)λτµν
∫
d4k
(2π)4
∫
d4p
(2π)4
1
k2 +M2
(
ητβ +
kτkβ
M2
)
×
×
(
ηρµ +
(p − q)ρ(p− q)µ
M2
)
1
p2 +M2
(
ησν +
(p+ k)σ(p + k)ν
M2
)
1
(k + q)2 +M2
(25)
Now, we perform the same expansion (23) and, disregarding lower poles, finite contributions and
higher derivative leading divergences arrive at
Π
(1)
αλ(q) = −
ζ2
108
g(2)αρσβ g(2)λτµν ×
×3 q2 ητβ ηρµ ησν
∫
d4k
(2π)4
∫
d4p
(2π)4
1
k2 +M2
1
(p2 +M2)2
1
(k + p)2 +M2
+ ... .(26)
After a simple algebra this leads to the following leading divergency
Π
(1)
αλ(q) = −
ζ2
(4π)4 (D − 4)2 q
2 ηαλ + ... . (27)
Thus we see that both diagrams from Fig.1 really give rise to the longitudinal kinetic countert-
erm and no any simple cancellation of these divergences is seen. On the other hand one can hope
to achieve such a cancellation on the basis of some sofisticated symmetry.
To understand the situation better let us compare it with the one that takes place for the
usual abelian gauge transformation (14). In this case the symmetry is not violated by the Yukawa
coupling, and (in the abelian case) the A2ϕ2 counterterm is impossible because it violates gauge
invariance. The same concerns also the self-interacting A4 counterterm. The gauge invariance of
the theory on quantum level is controlled by the Ward identities. In principle, the noncovariant
counterterms can show up, but they can be always removed, even in the non-abelian case, by the
renormalization of the gauge parameter and in some special class of (background) gauges they are
impossible at all. Generally, the renormalization can be always performed in a covariant way [24].
In case of the transformation (15) if the Yukawa coupling is inserted there are no reasonable
gauge identities at all. Therefore in the theory of torsion field coupled to the SM with scalar field
there is a conflict between renormalizability and unitarity. The action of the renormalizable theory
has to include the (∂µS
µ)2 term, but this term leads to the problems with the positivity of the
energy and, in terms of particles, to the appearance of the massive ghost. This conflict between
unitarity and renormalizability reminds the one which is well known – the problem of massive
unphysical ghosts in the high derivative gravity [36], where the contributions of the massive ghosts
provide renormalizability but breaks the unitarity of the S-matrix. The difference is that in our
case, unlike higher derivative gravity, the problem appears due to the noninvariance with respect
to the transformation (15).
Let us now discuss how this problem may be, in principle, solved. First thought is that if the
torsion mass is of the Planck order then the quantum effects of torsion should be described directly
in the framework of string theory. No any effective field theory for torsion is possible. In this case
the only visible term in the torsion action is the massive one in (21), torsion does not propagate
at smaller energies and manifests itself only as a very weak contact interaction. We shall give the
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discussion of these contact interactions below in section 7, however the phenomenological analysis
fails for Mts well below the Planck order.
There may be a hope to impose one more symmetry which is not violated by the Yukawa
coupling. It can be, for example, supersymmetry which mixes torsion with some vector fields of the
SM and with all massive spinor fields. In this case the (∂µS
µ)2 -type counterterm may be forbidden
by this symmetry and the conflict between renormalizability and unitarity would be resolved.
Another option is to consider the modification of SM which is free from the fundamental scalar
fields at all. This possible scenario is related with the fact that there is one crucial point of SM
which still remains unclear: the pattern of electroweak symmetry breaking which generates masses
for the W and Z bosons. Moreover, we still lack the same accuracy tests for the triple and quartic
bosonic interactions to further confirm the local gauge invariance of the theory or to indicate the
existence of new physics beyond the SM.
The interactions responsible for the electroweak symmetry breaking play an important role in
the gauge–boson interactions at the TeV scale since it is an essential ingredient to avoid unitarity
violation in the scattering amplitudes of massive vector bosons at energies of the order of 1 TeV
[37]. There are two possible forms of electroweak symmetry breaking sector which lead to different
solutions to the unitarity problem: there is, either, a scalar particle lighter than 1 TeV, the Higgs
boson of the Standard Model (SM), or such particle is absent and the longitudinal components of
the W and Z bosons become strongly interacting at the energy scale of 1 TeV. In the latter case,
the symmetry breaking occurs due to the nonzero vacuum expectation value of some composite
operators, and it is related with some new underlying physics. Then the spontaneous symmetry
breaking can be realized through some other object like composite scalar field or maybe through
the torsion itself.
In the future sections of the paper we are going to discuss a possible consequences of the torsion
action at low energies (as compared to the Planck one) and find some numerical upper bounds for
the parameters of this action. Since the interaction with the scalar field leads to serious problems,
we shall consider only the interaction between torsion and spinor field, and therefore use (20) as the
torsion action. Thus we admit that one of the two last options (or some other) for the resolution
of the problem with the scalar field may be successfully realized and that Mts is much less that
the Planck mass. So, instead of taking the string-inspired mass MP l we take Mts to be some free
parameter of the theory, as we do with a couplings η. Indeed the last may be different for various
quarks and leptons.
5. Renormalization group and the running of torsion mass and parameters
In this section we shall discuss the renormalization group in the theory with torsion. First
we consider the spinor-torsion system with an additional electromagnetic field, but without the
controversial scalar. Then the renormalization group equations for the parameters e, η,m,Mts, α
(here α is the parameter of the nonminimal term (12)) follow from Eq. (19).
(4π)2
de
dt
=
2
3
e2 , e(0) = e0 (28)
(4π)2
dη
dt
=
2
3
η2 , η(0) = η0 (29)
(4π)2
dα
dt
=
1
3
e η , α(0) = α0 (30)
(4π)2
dM2ts
dt
= 8m2 η2 − 2M2ts , Mts(0) =Mts,0 (31)
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We remark that the equation (31) demonstrates the inconsistency of the massless or very light
torsion. Even if one imposes the normalization condition Mts,0 ≈ 0 at some scale µ, the first
term in this equation provides a rapid change of Mts such that it will be essentially nonzero at
other scales. Due to the universality of the interaction (13) all quarks and massive leptons should
contribute to this equation. Therefore the only way to avoid an unnaturally fast running of Mts is
to take its value at least of the order of the heaviest spinor field that is t-quark. Hence we have
some grounds to take Mts ≥ 100GeV. Of course there can not be any upper bounds for Mts from
the equation (31).
The solution of the equations (28) – (30) for the dimensionless parameters is simple. After the
simple calculus we get
e(t) = e0
(
1− 2 e
2
0 t
3 (4π)2
)
−1
, η(t) = η0
(
1− 2 η
2
0 t
3 (4π)2
)
−1
, (32)
α(t) = A +
3 e0 η0
2 (e0 − η0) ln

1−
2 η20
3(4π)2 t
1− 2 e20
3(4π)2
t

 , e0 6= η0 , A = const. (33)
The behavior of the effective couplings e(t), η(t) is usual for the nonabelian vector fields, and the
running of η is universal for all the spinors. The zero-charge problem doesn’t impose real restrictions
on η because for η < 1 the singular point of the solution is many orders bigger than MP l.
In order to see how the difference between various spinor fields may arise let us consider the
theory with the scalar fields and Yukawa coupling but in the one-loop approximation where the
formal problems discussed in the previous section do not show up. At the one-loop level the β-
functions for the different η’s come from the renormalization of the kinetic term for torsion of the
ψ¯γ5γ
µSµψ-type. The last ones are the same as for the quantum field theory in an external torsion
field. Taking into account (10) the full renormalization group equation for η(t) is written as
(4π)2
dη
dt
=
2
3
η2 + C h2(t) η , η(0) = η0 (34)
One can use (34) to evaluate the difference between the running of η for different spinor fields.
Let us take, for simplicity, constant h. Then the solution of (34) has the form
η(t)
η0
=
3Ch
2
[
(η0 +
3Ch
2
) · exp
{
− Cht
(4π)2
}
− η0
]
−1
(35)
If we suppose that the value of η0 is very small, then the terms containing η0 in the right-hand side
can be abandoned and we arrive at the following approximate solution
η(µ)
η0
=
[
µ
µ0
] Ch
(4pi)2
(36)
Taking the normalization scale µ0 = 100GeV and the high-energy scale µ = MP l = 10
19GeV, we
find that for the t-quark Yukawa constant ht ≈ 0.98 this ratio is about 100.105·C . The value of C
depends on the gauge group and representation which we do not know for all the energy ranges
between µ0 and MP l. Taking, for instance, the adjoint representation of the SU(5) group we meet
C = 5 [16], and therefore the ratio (36) is about 3.4 for the t-quark while it is close to one for the
light spinors which have small Yukawa couplings. We note that taking into account the running of
h(t) the resulting ratio becomes a bit smaller.
Suppose the spinor fields are generated from some fundamental theory at the Planck scale and
originally have universal interaction with torsion, with an equal parameters η. Then the difference
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in the values of η for various fields should be caused by the running. As we have just seen, in
the framework of this (essentially one-loop) model these parameters still have the same order of
magnitude at the Fermi scale. Below we consider the processes which involve only one type of
the spinor fields, and hence for our purposes it is not so important whether various η’s have equal
value. However this information will be implicitly used when we construct the general limits for
the torsion parameters from various known experiments.
6. Phenomenology of torsion
As we have already seen, the spinor-torsion interactions enter the Standard Model as interac-
tions of fermions with new axial vector field Sµ. Such an interaction is characterized by the new
dimensionless parameter – coupling constant η. Furthermore the mass of the torsion field Mts is
unknown, and its value is of crucial importance for the possible experimental manifestations of the
propagating torsion and finally for the existence of torsion at all. In this and consequent sections
we consider η and Mts as an arbitrary parameters and try to limit their values from the known
experiments. Indeed we use the renormalization group as an insight concerning the mass of torsion
but include the discussion of the ”light” torsion with the mass of the order of 1 GeV for the sake
of generality.
Our strategy will be to use known experiments directed to the search of the new interactions.
We regard torsion as one of those interactions and obtain the limits for the torsion parameters from
the data which already fit with the phenomenological considerations. Therefore in the course of
our work we insert torsion into the minimal SM and suppose that the other possible new physics is
absent. It is common assumption when one wants to put limits on some particular kind of a new
physics. In the following sections we put the limits on the parameters of the torsion action using
results of various experiments.
Torsion, being a pseudo-vector particle interacting with fermions might give therefore different
physical observables. The main feature of torsion is related with its axial vector type interaction
with fermions. This specific type of interaction might lead to the forward-backward asymmetry.
The last has been presizely measured at the LEP e+e− collider, so the upper bounds for torsion
parameters may be set from those measurements. We will consider two different cases: i) torsion
is much more heavy than other particles of SM and ii) torsion has a mass comparable to that
of other particles. In the last case one meets a propagating particle which must be treated on an
equal footing with other constituents of the SM. Contrary to that, the very heavy torsion leads to
the effective contact four-fermion interactions.
Consider the case of heavy torsion in some more details, starting from the actions (13) and
(20). Since the massive term dominates over the covariant kinetic part of the action, the last can
be disregarded. Then the total action leads to the algebraic equation of motion for Sµ. The solution
of this equation can be substituted back to S1/2 + Stor and thus produce the contact four-fermion
interaction term
Lint = − η
2
M2ts
(ψ¯γ5γ
µψ) (ψ¯γ5γµψ) (37)
As one can see the only one quantity which appears in this approach is the ratio Mts/η and
therefore for the very heavy torsion field the phenomenological consequences depend only on single
parameter.
Physical observables related with torsion depend on the two parameters Mts and η. In the
course of our study we choose, for the sake of simplicity, all the torsion couplings with fermions to
be the same η. This enables one to put the limits in the two dimensional (Mts-η) parameter space
using the present experimental data. We also assume that non-diagonal coupling of the torsion with
the fermions of different families is zero in order to avoid flavor changing neutral current problem.
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It should be stressed that all numerical and symbolic calculations for establishing limits on
torsion parameters have been done using CompHEP software package [39] to which the torsion
propagator and vertices were additionally introduced.
7. Limits on the torsion parameters from presize LEP electroweak data
As we mentioned above, the axial-vector type interactions would give rise to the forward-
backward asymmetry which have been presizely measured in the e+e− → l+l−(qq¯) scattering (here
l stands for tau,muon or electron) at LEP collider with the center-mass energy equals to the Z-boson
mass, in other words near the Z-pole. Due to the resonance production of Z-bosons the statistics
is good (several million events) and it allowed to measure electroweak (EW) parameters with high
precision.
Any parity violating interactions eventually give rise to the space asymmetryand could be
revield in, for example, forward-backward asymmetry measurement. Axial-vector type interactions
of torsion with matter fields is this case of interactions. But the source of asymmetry also exists
in the SM EW interactions because of the presense of the γµγ5 structure in the interactions of Z-
and W -bosons with fermions. The interactions between Z-boson and fermions can be written in
general form as:
LZff = − g
2 cosθW
∑
i
ψ¯i γ
µ(giV − giAγ5)ψ Zµ , (38)
where, θW is Weinberg angle, g = e/sinθW (e - positron charge); and the vector and axial couplings
are:
giV ≡ t3L(i)− 2qi sin2θW , (39)
giA ≡ t3L(i). (40)
Here t3L is the weak isospin of fermion and i has the values +1/2 for ui and νi while it is −1/2 for
di and ei. Here i = 1, 2, 3 is the index of the fermion generation and qi is the charge of the ψi in
units of charge of positron.
The left handed fermion fields ψi =
(
νi
e−i
)
and
(
ui
d′i
)
of the ith fermion family transform as
a doublets under SU(2), where d′i ≡
∑
j Vijdj and V is the Cabibbo-Kobayashi-Maskawa mixing
matrix.
The forward-backward asymmetry for e+e− → l+l− is defined as
AFB ≡ σF − σB
σF + σB
, (41)
where σF (σB) is the cross section for l
− to travel forward(backward) with respect to electron
direction. Such an asymmetries are measured at LEP 6.
From asymmetries one derives the ratio gV /gA of vector and axial-vector couplings. Presence of
torsion would change the forward-backward asymmetry and would, as we show below, brightly reviel
itself. In fact, the measured EW parameters are in a good agreement with the theoretical predictions
and hence one can establish the limits on the torsion parameters based on the experimental errors.
The latest relevant electroweak data are presented in Table 6.
Hereafter we will use AlBF value for combined lepton asymmetry and in particular for the
electron AeBF asymmetry in establishing the limits on the torsion parameters. We have calculated
the contribution to the asymmetries from torsion exchange diagrams shown in Fig. 2.
From those calculations we have found limits at 95% confidence level (CL) on the η coupling for
different torsion masses taking into account the error of the experimental measurements. The most
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AFB AlFB A
b
FB A
c
FB
data 0.0171(10) 0.0984(24) 0.0741(48)
gV gV e gV µ gV τ
data -0.0367(15) -0.0374(36) -0.0367(15)
gA gAe gAµ gAτ
data -0.50123(44) -0.50087(66) -0.50102(74)
Table 1: Results of combined LEP EW measurements for forward-backward asymmetry at Z-pole
and vector and axial couplings. AlBF – combined data for electron, muon and tau-lepton asymme-
tries; AbBF and A
c
BF – asymmetries for b-quark and c-quark respectively.
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Figure 2: Diagrams with torsion exchange in e+e− collisions contributing to forward-backward
lepton and quark asymmetry. TS indicates to the torsion propagators.
precise individual measurement at LEP is from AbFB. But it turned out that the most restrictive
limit on η comes from the electron asymmetry of e−e+ → e−e+ scattering since in this case both
(s- and t-channel) diagrams from the Fig. 2 contribute to AeFB. In the case of e
−e+ → bb¯ only s-
channel diagram (the first one on the Fig. 2) does contribute to the AbFB asymmetry. A
e
FB and A
b
FB
Z-pole asymetries for Z-bozon exchange diagram and for the diagrams with the torsion exchange,
shown in Fig. 2 can be written as follows:
A
e(b)
FB =
(σF − σB)e(b)
(σF + σB)e(b)
, (42)
where (σF − σB)e(b) and (σF + σB)e(b) are the following expressions:
(σF − σB)e = Kl
[
e4gea
2gev
2M2Z
2c4W s
4
WΓ
2
Z
+
e2η2MTS
2cW sWΓZ
[(gea
2 + gev
2)FFB1 − 2gev2FFB2 ] + η4FFB3
]
(43)
(σF − σB)b = Kq
[
e4geag
b
ag
e
vg
b
vM
2
Z
2c4W s
4
WΓ
2
Z
− 4e
2η2MTS
3cW sWΓZ
gevg
b
vF
FB
2
]
(44)
(σF + σB)
e = Kl
[
e4(gea
2 + gev
2)2M2Z
6c4W s
4
WΓ
2
Z
+
e2η2MTS
2cW sWΓZ
[(gea
2 + gev
2)F T1 −
8
3
gev
2F T2 ] + η
4F T3
]
(45)
(σF + σB)
b = Kq
[
e4(gea
2 + gev
2)(gba
2
+ gbv
2
)M2Z
6c4W s
4
WΓ
2
Z
− 4e
2η2MTS
3cW sWΓZ
gevg
b
vF
T
2
]
, (46)
Here sW and cW are sin and cos of the Weinberg angle, ΓZ – width of Z-boson, Kl = 1/(16πM
2
Z ),
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Kq = 3/(16πM
2
Z ), F
FB(T )
1,2,3 function are written as follows:
FFB1 = −z −
4(1 + z2)2y1
z3
,
FFB2 = F
T
2 =
z3
z2 − 1 ,
FFB3 =
4z2(1 + 2z2 + 2z4)
(z2 + 1)(z2 + 2)
+
2z2
z2 − 1 +
8(3 + z2)
z2 − 1 y1 (47)
F T1 =
−z2(2 + 3z2) + 2(1 + z2)2y2
z3
,
F T3 = 4(1 + z
2)− 2z
2
1 + z2
+
8z4
3(1− z2)2 +
4(2 + 3z2)− 8(1 + z2)y2
(z2 − 1) , (48)
where
z =
MZ
MTS
, y1 = ln
1 + z2
(1 + z2/2)2
, y2 = ln(1 + z
2) . (49)
When torsion exchange is absent (η = 0), then from the formulaes below one obtains a well known
result [38] for tree level SM asymmetries:
A
b(e)
FB =
3geag
b(e)
a gevg
b(e)
v
(gea
2 + gev
2)(g
b(e)
a
2
+ g
b(e)
v
2
)
(50)
Electroweak radiative corrections can be absorbed into ga and gv values formulae written above
will be valid including loop corrections for redefined ga and gv values. Figure 3a) and b) shows
the behavior of the AeFB and A
b
FB asymmetries respectively versus η torsion coupling when torsion
mass is fixed to 1 TeV. We use electroweak parameters of MZ , ΓZ , sinθW , gA(V ) from [38]. One
can see that AbFB asymmetry depends much weaker on η and goes down with increasing of η
while AeFB is increasing with increasing of η. For zero η the asymmetries are equal to it’s SM
predictions (which is slightly different from measured value, see [38] for details). They are not zero
because of the presence of the axial-vector coupling in the interactions of Z-boson and electron or
quark. Deviations of the asymmetry from SM predictions would be indication of the presense of
the additional torsion-like type axial-vector interactions. Our analysis shows that AeFB asymmetry
is the best observable among others asymmetries to look for torsion.
Exclusion region for (η,MTS) plane coming from this asymmetry is shown in Fig. 4(A). Some
numbers corresponding to this limit are presented in Table 2.
Mts(GeV) 1 10 50 100 200 1000 3000
η 0.018 0.050 0.18 0.18 0.48 2.6 9.9
Table 2: Points for exclusion curve at 95% CL in (Mts, η) plane from LEP Z-pole A
e
FB asymmetry.
These numbers correspond to the Fig. 4(A).
8. Torsion and 4-fermion contact interactions
The straightforward consequence of the heavy torsion interacting with fermion fields is the
effective four-fermion contact interaction of leptons and quarks (37). Four-fermion interaction
16
Torsion-fermion coupling η
Fo
rw
ar
d-
ba
ck
wa
rd
 a
ss
ym
et
ry
 A
FB
Torsion-fermion coupling η
0.17
0.175
0.18
0.185
0.19
0.195
0.2
0.205
0.21
x 10
-1
0 1 2 3
0.1028
0.10285
0.1029
0.10295
0.103
0 1 2 3
Figure 3: Forward-backward e−e+ → e−e+ and e−e+ → bb¯ asymmetries versus torsion η
coupling
effectively appears for the torsion with a mass much higher than the energy scale available at
present colliders. In this section we are going to set an upper bounds for the single parameter
Mts/η from (37) using modern data. There are several experiments from which the constraints on
the contact four-fermion interactions come:
1)Experiments on polarized electron-nucleus scattering – SLAC e-D scattering experiment[40],
Mainz e-Be scattering experiment [41] and bates e-C scattering experiment [42];
2)Atomic physics parity violations measures [43] electron-quark coupling that are different from
those tested at high energy experiment provides alternative constraints on new physics.
3) e+e− experiments - SLD, LEP1, LEP1.5 and LEP2 (see for example [44, 45, 46, 47, 48]);
4)Neutrino-Nucleon DIS experiments – CCFR collaboration obtained model independent constraint
on the effective ννqq coupling [49].
Here we consider a limits on the contact interactions induced by torsion. The contact four-
fermion interaction may be described by the Lagrangian [52] of the most general form:
Lψ′ψ′ψψ = g
2
∑
i,j=L,R
∑
q=u,d
ǫij
(Λǫij)
2
(ψ¯′iγµψ
′
i) (ψ¯jγ
µψj) (51)
Subscripts i,j refer to different fermion helicities: ψ
(′)
i = ψ
(′)
R,L = (1± γ5)/2 · ψ(
′) ; where ψ(
′) could
be quark or lepton; Λij represents the mass scale of the exchanged new particle; coupling strength
is fixed by the relation: g2/4π = 1, the sign factor ǫij = ±1 allows for either constructive or
destructive interference with the SM γ and Z-boson exchange amplitudes. The formula (51) can
be successfully used for the study of the torsion-induced contact interactions because it includes
an axial-axial current interactions as a particular case.
Recently the global study of the electron-electron-quark-quark(eeqq) interaction sector of the
SM [51] have been done using data from all mentioned experiments. The limits established in this
paper are the best in comparison with the previous ones.
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The specific distinguishing feature of the contact interactions induced by torsion is that those
contact interactions are of axial-axial type. Therefore we used the limits obtained in paper [51] for
this kind of interaction. Limits on axial-axial (AA) type contact interactions mainly come from
OPAL collaboration. It was shown (see for details [45]) that present LEP data are particulary sen-
sitive to V V and AA models which could be distinguished from others types of contact interactions
by analysing of scattering angle distributions of outgoing leptons and quarks. The other possibility
of study the chiral structure of contact interactions through the polarized lepton and proton beams
scattering analysis can be realized at HERA [50].
Axial-axial current may be expressed through LL,RR,LR and RL currents in the following
way:
jAµ j
A
µ =
jLµ j
L
µ + j
R
µ j
R
µ − jLµ jRµ − jRµ jLµ
4
. (52)
For the axial-axial eeqq interactions (51) takes the form (we put g2 = 4π) :
Leeqq = − 4π
(ΛǫAA)
2
(e¯γµγ5e)(q¯γ
µγ5q) (53)
The limit for the contact axial-axial eeqq interactions comes from the global analysis of Ref. [51]:
4π
Λ2AA
< 0.36 TeV−2 (54)
Comparing the parameters of the effective contact four-fermion interactions of general form (53)
and contact four fermion interactions induced by torsion (37) we arrive at the following relations:
η2
M2ts
=
4π
ΛAA
2 (55)
From (54) and (55) one gets the following limit on torsion parameters:
η
Mts
< 0.6 TeV−1 ⇒ Mts > 1.7 TeV · η (56)
The limits on Mts and η coming from the (56) is shown in Figure 1(B). As we have already
mentioned above the restrictions concern only the ratio between the torsion mass and coupling
parameter. Some remark about the energy limits taken in this plot is in order. We started exclusion
region fromMts = 1 TeV. This choice is related with the fact that the application of effective-contact
interactions (37) is valid up to the certain mass of the torsion below which an exact calculation
(regarding the field Sµ as dynamical) should be done. The relative data of the two approaches are
shown on the Figure 2, where the results for gauge interaction (20) and contact interactions (51)
for torsion are compared. As an example we have calculated total cross section for LEP1.5 with√
s = 140 GeV and η equal to 0.5. One can clearly see that for torsion heavier than 1 TeV the
approximation of the effective contact interaction works almost perfectly, reproducing the result for
the exact calculation with 0.1% accuracy. Therefore the scale 1 TeV is appropriate starting point
for putting the limit on torsion parameters using the Lagrangian with contact interactions. Scenario
with light torsion is in general more difficult because here we have two independent parameters
and thus are enforced to study the 2-dimensional restrictions from the experimental data. Indeed
there is no rigid border between two cases, as we shall see below.
To consider the limits in the (Mts, η) parameter space for the light torsion we use results of
LEP1.5 analysis of paper [45]: the cross section of e+e− → e+e−(µ+µ−) process was measured with
accuracy 1-2%. We used this fact to put the limits on torsion mass and coupling: 90% acceptance
for electron and 60% for muon channels was assumed, the total cross section for these reaction
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were calculated and 4% deviation from the Standard Model prediction was taken for establishing
the limits. The resulting constraints is shown in Figure 4(C).
9. Limits on the torsion parameters from TEVATRON data
The torsion with the mass in the range of present colliders could be produced in fermion-fermion
interactions as a resonance, decaying to fermion pair. The most promising collider for search the
signature of such type is TEVATRON. This proton-antiproton 1.8 TeV collider has the highes
available center of mass energy up to the moment. So one can naturally expect that the haviest
resonance which could be produced in the quark-quark, quark-gluon or gluon-gluon collision would
be discovered there.
Search for New Particles Decaying to two-jets has been done recently by D0 and CDF collab-
orations [53]. The data that we use in our analysis are extracted from the figure presented by the
D0 collaboration which established the limit on the production cross section of Z ′ and W ′ bosons.
Here we assume also 90% events efficiency (including efficiency of kinematical cuts and trigger ef-
ficiency) and calculated the cross section for torsion production at TEVATRON. For simplicity we
also assumed that torsion coupling with only one kind of quark (u-quark) is nonzero and calculated
the cross section of the reaction pp¯(uu¯) → TS → uu¯. Then we applied D0 limit at 95% CL for
torsion production cross section and converted into the limit for (Mts, η) plane. This limit is shown
in Fig. 4(D). The points for the exclusion curve are given in Table 3.
Mts(GeV) 200 300 400 500 600 700 800
η 0.17 0.18 0.12 0.13 0.17 0.27 0.34
Table 3: Points for exclusion curve in (Mts, η) plane from TEVATRON data( 95% CL). See
Fig. 4(D).
One can see that the limits on η coming from these analysis are better in comparison with those
from the LEP data for some values of η parameter. Combined exclusion plot for (Mts, η) plane is
presented in Fig. 4(E).
10. Conclusions
Starting from the fermion-torsion coupling we have derived the action of the propagating torsion
and implemented it into the abelian sector of the Standard Model. It was shown that the only one
action of torsion which leads to consistent effective field theory includes propagating pseudovec-
tor massive particle with softly broken (new) gauge symmetry. The renormalization group gives
a strong argument against the light torsion, because, due to the universality of torsion-fermion
interaction, light torsion means an unnaturally fast running of the torsion mass. Since the scalar
fields and Yukawa coupling are inconsistent with propagating torsion, we base the phenomenologi-
cal part of our work on the fermion sector of the SM only. In this way, we have established some
upper bounds on the torsion mass and torsion-fermion coupling constant (which is supposed to be
universal) using combined limit for asymmetry of the forward-backward scattering, four-fermion
contact interactions and also LEP and TEVATRON data. For heavy torsion the limit is described
by relation (56) while for light torsion with the mass below 1 TeV limits coming from LEP and
TEVATRON data bound η to be less than 0.1-0.02 depending on Mts.
Results presented above clearly show, that the best limits for light torsion could be obtained
from LEP asymmetry data. In particular for the Mts < 1 GeV the value of η is less than 0.02.
This gives an essential improvement as compared to our previous report [26] where this kind of
observables was not considered. The limits of the same order or may be even better could be
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obtained from data on the measurement of the anomalous magnetic moment for electron and
muon [28]. At the same time the best limits for heavy torsion come from global analysis of contact
interactions [51].
In the case of a very heavy mass Mts ∼ MP l the torsion manifests itself only as an extremely
weak contact interaction. The propagation and quantum effects of such a torsion may be described
only in the framework of string theory. In other words such a “very heavy” torsion doesn’t exist
as an independent field. In this paper we have studied the alternative option.
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Figure 4: Allowed regions for Mts and η coming from LEP A
e
FB asymmetry at Z-pole (A), global
study of electron-quark contact interactions (B), LEP1.5 (C) and TEVETRON data (D). (E) –
combined limit. Hatched region is excluded by experiments mentioned above at 95% CL
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Figure 5: Comparison of the total cross sections of e+e− → µ+µ− process for gauge and contact
interactions
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